Measuring scientific development is a difficult task. Different metrics have been put forward to evaluate scientific development; in this paper we explore a metric that uses the number of peer-reviewed, and when available non-peerreviewed articles, research research articles as an indicator of development in the field of astronomy. We analyzed the available publication record, using the SAO/NASA Astrophysics Database System, by country affiliation in the time span between 1950 and 2011 for countries with a Gross National Income of less than 14,365 USD in 2010. This represents 149 countries. We propose that this metric identifies countries in 'astronomy development' with a culture of research publishing. We also propose that for a country to develop astronomy it should invest in outside expert visits, send their staff abroad to study and establish a culture of scientific publishing. Furthermore, we propose that this paper may be used as a baseline to measure the success of major international projects, such as the International Year of Astronomy 2009.
Introduction
Astronomy is a fascinating subject, with an unique ability to inspire and to stimulate curiosity in human beings about the wonders of science and technology. This makes astronomy useful tool for bringing science to the general public, to inspire, to show the scientific method and to open their eyes to a new prespective. Astronomy has shown to have wide-reaching applications in many different sectors of society. One immediate example are the technological developments that came from the building of the ESA/NASA Data System (hereafter ADS) to obtain an overview of the state of astronomy development per country. Hearnshaw found that the number of publications per IAU member correlates strongly with Gross Domestic Product (GDP) per capita. However, this concentrated only on IAU member states and a select few non-member countries.
This paper looks at a number of countries, most not included in Hearnshaw (2007) , sample of peer-reviewed research articles to measure countries in 'Astronomy Development', and to identify those with a culture of publishing, using the ADS which is used by the entire astronomical community (Henneken et al. 2009 ), therefore a good database for use determining the astronomical research being carried out throughout the world. Other means are possible for this study, e.g. the World of Science. However, two major factors played a role in the decision to use ADS instead: (i) it is free and (ii) as mentioned above this is used by the entire astronomical community. From this viewpoint, counting the number of publications in astronomy by each country provides, to a first approximation, a good indicator of astronomy development.
Due to the sheer amount of data and different sociological reasons for a country to be in 'Astronomy Development' we only concentrate on providing a quantitative, rather than qualitative, discussion and invite the community to draw their own conclusions for their particular regions. In section 2 we present the method used for these studies. Section 3
shows the results and in section 4 we discuss and draw conclusions from our findings.
Methods
When publishing in a refereed journal authors are required to provide their institution address with the article. In the majority of the cases this is also indexed for searching, alongside co-authors, title, and other key information that make searching for a journal article simple. We therefore used the ADS affiliation field to count astronomical publications by country from 1950 up to, and including, 2011. We only queried the Astronomy database for these studies. However, this query returns journals not only related to Astronomy but also from the Geosciences.
Particular care was taken for countries which may conflict with other words in the affiliation. For example, Niger is easily confused with Nigeria and Guinea is easily confused with Equatorial Guinea, Guinea-Bissau and Papa New Guinea. The search returned the number of papers for each country in a given year. We then selected papers, based on the biased view of the authors, that we consider main stream astronomy journals.
These were: Astronomical Journal (including Supplements), Astronomy and Astrophysics, Astrophysical Journal (including Letters and Supplements), Monthly Notices of the Royal Astronomical Society, New Astronomy (including Reviews) and Physical Reviews. The first four journals were described by Henneken et al. (2009) as core journals read regularly by active astronomers.
We searched, using the ADS Mighty Search 7 , both refereed and non-refereed papers, although the latter are very difficult to quantify due to the fact that, in the majority of the cases, the affiliations are not given in the ADS abstract. Furthermore, counting the number of papers per country was based solely on whether the country name appeared in the affiliation field. As an example, the current paper each of the country in the affiliation field would receive a count of one paper. This is not uncommon in astronomy, where 55% of papers has been suggested to arise from authors from different countries (Abt 2007 ).
The number of papers published per year was used to identify which countries are in 'Astronomy Development'. The selection of countries we considered based on their Gross National Income (GNI) 8 . We considered those countries which have a GNI of less than 14,365 USD (based on the average world GNI for 2010). We should note that a country's GNI can be very dynamic. However, for the purpose of these studies just considering the 2010 is sufficient for the majority of the world's countries. This search retrieved 149 countries (Appendix A), including all the Least Developed Countries (LDCs, Appendix B). Table 1 along with their total number of papers in brackets. Furthermore, only the time span from 1970 onwards is shown, as before this date the number of papers is generally very scarce papers and will not aid our discussions.
Results
We only considered results from the Astronomy database within ADS which also retrieves articles from the field of Geosciences. The search did not include results from the Physics database query within the ADS, which would undoubtedly increase the number of publications for any given country.
Several descriptions can be made upon visual inspection of Figures 1 -6, these fall into five general categories which may complement the phases described by Naicker & Govender ii) Countries with a history of publishing in refereed journals, not including astronomy.
iii) Countries where majority of research output is in astronomy.
iv) Countries with little history of research publishing.
v) Countries that are difficult to place in the categories above, either due too little information and/or recent publishing activity.
Discussion and Conclusions
Based on the general descriptions above, most of the countries in Europe have a good history of publishing both in astronomy and other sciences while in Africa it is difficult to say anything quantitatively except in the cases of Egypt, Namibia and South Africa. In terms of the LDCs, more investment should be made in to general sciences and the culture of publishing. The Asian continent presents some interesting results, with countries like China and India have good history of publishing, both in astronomy and other science, and emerging countries like Thailand and Uzbekistan publish very few papers in any of these fields. In South and Latin America many countries have a history of publishing in both astronomy and other sciences, for example Argentina, Brazil, Chile, Mexico, Peru and Venezuela. Emerging countries with potential for developing astronomy further, due an already existing culture of publishing, include, Colombia and Uruguay.
We believe that the most successful country in developing astronomy will be that which already has a culture of publishing. In a number of countries, there appears to be a correlation between the countries GNI and the number of published papers. This may be related to an overall investment in Science and Technology, via job creation and making a country attractive to foreign scientists who may bring their expertise.
To put this in to context of major projects such as the IAU Office of Astronomy for Development 9 , we believe that for a country to be successful in developing astronomy, within the lifetime of the office, it should have a well-established publishing record (not necessarily in Astronomy) or invest in bringing in outside expertise which can play a leading role in implementing courses at the university to help push for more papers to be published.
One immediate example is that of Burkina Faso, where the University of Ouagadougou In future work we would like to quantify the role each country has played on a paper, as a means to determine "leadership". A first indication, as mentioned above, a few of the countries are not leading any projects. However, we should determine what leading really means. In the era or large project we find more and more papers being in alphabetical order while normally the first author is the person who has played a leading role in the research.
For example, the Research Excellence Framework 14 , in the United Kingdom, request that in a paper with more than 10 authors, the author should explain what their contribution to the paper was regardless if they are the first author or not. While no justification is required if the paper has less than 10 authors.
We only concentrated on the number of published papers to identify the global level of Astronomy Development. However, the ADS system has a number of other outputs which may be used for various studies, for example, the number of citations, the number To be added to the list, a country must satisfy all three criteria. To qualify for graduation, a country must meet the thresholds for two of the three criteria in two consecutive triennial reviews by the CDP. In addition, since the fundamental meaning of the LDC category, i.e. the recognition of structural handicaps, excludes large economies, the population must not exceed 75 million. 
